Social networks have changed our daily life and they have the potential to significantly influence and support Requirements Engineering (RE) activities. Social network-based RE approaches will allow us to overcome limitations of traditional approaches and allow end users to play a more prominent role in RE. They are key stakeholders in many software projects. However, involving end users is challenging, particularly when they are not within organizational reach. The goal of our work is to increase end user involvement in RE. In this paper we present an approach where we harness a social network to perform RE activities such as elicitation, prioritization and negotiation. Our approach was applied in three studies where students used Facebook to actively participate in RE activities of different projects. Although there are limitations, the results show that a popular social network site can support distributed RE.
Introduction
The involvement of stakeholders such as future system end users is a key success factor for Software Engineering (SE) in general, and for Requirements Engineering (RE) in particular [1] .
Several process models are available to describe RE activities [2] . Key activities include requirements elicitation, prioritization and negotiation. Requirements elicitation is the process of seeking, capturing and consolidating requirements from available requirements sources (e.g. stakeholders) [3] . The requirements gathered should be prioritized. The priority of a requirement shows its importance in comparison to others; it also helps decide which requirements to include in a project [3, 4] . Furthermore, prioritization supports requirements negotiation which focuses on conflict resolution by finding a settlement that mostly satisfies all stakeholders [5] .
Some approaches foster the involvement of successcritical stakeholders (e.g. end users) in requirements elicitation, prioritization and negotiation [6] . However, these approaches do not sufficiently support non-traditional contexts such as mobile computing [7] , cloud computing [8] or software ecosystems [9] . This is due to the fact that in these contexts, we need to involve a large number of heterogeneous, globally distributed and potentially anonymous stakeholders [10] . Although the underlying idea of involving success-critical stakeholders is still valid in those settings, there is a lack of suitable elicitation techniques [8] and novel RE approaches and methods are needed to give end users their own voice [11] .
In order to be successful and to cope with short timeto-market periods, the methods used need to be fast, easy and inexpensive. However, most state-of-the-art RE approaches and tools are built from an RE perspective and require end users to get familiar with a particular system and procedure. We therefore envision that novel RE approaches will focus on the end user perspective.
For this, we have investigated the potential of popular social network sites (SNS) for requirements elicitation, prioritization and negotiation. Considering the number of registered users and regional popularity, we selected four candidates for our studies: Facebook, Twitter, LinkedIn and Google+. From these, Facebook [12] was chosen as the support for this research. Today, many end users are familiar with social network sites in general and Facebook in particular. By using a platform that is part of end users' daily lives, we aim to overcome current limitations of RE tools in terms of end user acceptance and involvement.
However, from an RE perspective, this strategy can cause new problems. Popular social network sites have not been designed for RE and might therefore not support RE activities adequately. Therefore, our aim is to investigate whether and how existing functionalities of a current social network site can support RE activities. To our knowledge, these are the first exploratory studies that research the possibility of using social network sites for meeting RE needs. Our exploratory studies with students and their Facebook friends lead to qualitative data showing that Facebook provides basic capabilities to support RE activities. Moreover, our findings show the advantages and limitations of an SNS-based approach for the RE activities mentioned.
Following the EasyWinWin methodology [6] , we foresee that our lightweight and end user focused RE approach has many potential applications. We particularly see its relevance within novel software paradigms such as mobile and cloud computing and software ecosystems, where end users are not within immediate reach and where the support provided by traditional methods is insufficient. For example, smartphone application developers or cloud service providers could use our approach to elicit, prioritize and negotiate stakeholder needs. In software ecosystems, our approach provides a new channel for eliciting ideas and needs as well as receiving feedback from stakeholders who are not directly reachable by product owners or development teams. Moreover, we also see its application within traditional software projects as an additional means for involving end users.
The remainder of the paper is structured as follows: In Section 2, we discuss the research goal and questions. Section 3 gives an overview on how current social software is being used within the field of RE. In Section 4, we present a generic SNS-based RE approach. Section 5 introduces candidate SNS suitable for implementing our approach. In Sections 6 to 9 we report on three exploratory studies where students and their friends applied our approach with Facebook. After revisiting the research questions and discussing threats to validity in Section 10, we conclude the paper and present potential future research directions in Section 11.
Research goal and questions
The goal of our research is to investigate whether and how popular social network sites have the potential to support RE activities. We identified three research questions (RQ) to define the focus of our research:
RQ 1: Can a social network site support requirements elicitation, prioritization and negotiation? If so, how can existing features be used to elicit, prioritize and negotiate end users' requirements?
Firstly, we are interested in finding out whether existing features exhibited by a social network site such as Facebook can help gathering, prioritizing and negotiating users' requirements. To answer this question, we set up three exploratory studies and analyse their results. Moreover, we investigate how the existing features can be utilized, i.e. how an RE activity should be designed to make good use of the SNS features. Thirdly, we analyse potential issues associated with using an SNS approach to support RE activities, including their limitations. Relying on our findings, we elaborate preliminary guidelines that can be followed when utilizing SNS for RE activities.
Related work: RE and social software
Requirements Engineering is a multidisciplinary field [13] that requires active communication and interaction between different stakeholders. Depending on the project, its activities may be interleaved, iterative and span across the entire software life cycle [14] . Although various RE reference process models exist [15, 16] , it is generally agreed upon that early RE activities include (1) requirements elicitation and (2) requirements analysis and negotiation [14] . For each of these activities, there are several sub-activities that vary between projects -e.g. identifying key stakeholders, brainstorming stakeholder interests, prioritizing ideas and negotiating them [17] . Several RE approaches and tools follow these high level models and provide stepby-step guidance and support (e.g. EasyWinWin [6, 17] ). However, it might be hard for an end user to understand the sequence of activities, sub-activities and their respective purpose. Our work is inspired by EasyWinWin which focuses on providing support for requirements elicitation, prioritization and negotiation.
Social network sites are an example of social software and used for connecting and communicating with others -anytime and anywhere. Boyd and Ellison [18] describe social network sites as web-based services that allow individuals to (1) maintain a public or semi-public profile within a particular system, (2) maintain a list of connected users (e.g. friends), people with whom they share a connection and (3) view and follow connections made by themselves and by other users. Social network sites usually either target a specific user group (e.g. private people, business people or even specific groups such as photographers) or support a specific task (e.g. StakeSource [19] as an example for a social network site supporting RE activities).
The idea of using social software for supporting such RE activities has been explored by both researchers and practitioners throughout the recent years. This section presents related work focusing on strengthening end user involvement in RE with the help of social software. While conducting the analysis, we identified three categories of tool support. The first represents work on dedicated RE tools that include concepts of social software.
The idea of using social tools for RE and software design is not new -it was already discussed by Conklin and Begeman in their 1988 paper on gIBIS: a hypertext tool for exploratory policy discussion. This was also meant to be used in early RE activities such as design deliberations. The tool implements the IBIS method, which was designed to solve complex design problems by taking the perspectives of the stakeholders involved [20] .
More recent research focuses on identifying and prioritizing stakeholders. This is supported by StakeSource which is a lightweight web-based tool implementing the StakeNet method [19] . The work by Lim et al. is based on social network analysis as well as collaborative filtering and provides requirements engineers with a list of the key stakeholders. The method requires an initial set of already identified stakeholders who themselves identify and suggest new stakeholders (snowballing effect). In addition, StakeSource provides basic capabilities to identify, negotiate and prioritize requirements [19] . Although this approach is rather straightforward, stakeholders need to make themselves familiar with the forms that allow entering and rating requirements.
According to the authors, SoftWiki is well suited for end users not familiar with RE practices. It is a dedicated webbased tool that allows stakeholders to enter and manage requirements themselves [21] . To make the processing by requirements engineers easier later on, the tool incorporates semantic web technologies [22] . However, end users would still have to learn how to use the tool. Letting end users structure and annotate requirements with semantics can bring further challenges and create a barrier for end users participation.
In their work on WinBook, Kukreja and Boehm [23, 24] explore social network functionalities to develop a new avatar of the WinWin framework [6] . Early evaluation results suggest that the toolset supports non-technical stakeholders in negotiating requirements. However, no more in depth evaluation studies have been conducted yet.
The second category we identified is work that describes the use of existing social software to support RE and also SE activities.
Early work in this field focused on comparing asynchronous text chats to face-to-face meetings for requirements negotiation [25] . The study conducted with geographically distributed students revealed that face-toface meetings become more effective if they are preceded by text-based, asynchronous discussions. This resolved several conflicts and reduced the workload in the following physical meetings. However, the use of chats was only complementary to the physical meetings and therefore not sufficient on its own.
Researchers such as Maalej et al. [26, 27] highlight the importance of end user involvement in today's software development projects. They promote a conceptual framework which combines several existing techniques for better handling continuous user input during the elicitation phase.
A particular approach supporting elicitation and product development is presented by Hess et al. [28] who report on participatory product development in and with online communities. Their work represents an example of user-centered, community-based requirements elicitation as part of participatory design. They targeted a large population of heterogeneous and globally distributed users and facilitated the interaction by using online tools. Moreover, they demonstrate that the role of user representatives is vital when managing heterogeneity in an online community.
Apart from research, companies have started to include social media in their software development processes. Bajic and Lyons present a study on social media used by different software development companies [29] . They figured out that, in an early stage, especially small companies use social media to gather feedback from their customers. It is unclear, however, how far companies integrate these initiatives into their development processes and whether they use traditional RE approaches at all.
Companies such as UserVoice.com [30] have started to reduce barriers for involving end users in the software development process by providing a service that allows software companies to gather feedback from their customers. Other organizations already use existing social media tools, such as Facebook and Twitter [31] . It is however unclear whether the use of these tools goes beyond the purposes of marketing and public relations.
A third category of relevant research we have identified is the work that focuses on the analysis of data documented within SNS.
Currently, there are attempts to utilize users' reviews that can be found in app stores for mobile platforms to mine requirements or extract features. For instance, Harman et al. use data mining techniques to extract feature information which is then used to analyse technical, business and customer aspects of the apps. Such approaches target large-scale, unknown and heterogeneous audiences [32] .
In their research, Guzman and Maalej [33] also focus on analysing user reviews in app stores. They have developed an automated approach that supports developers in filtering, aggregating and analysing user reviews in order to conduct a fine-grained sentiment analysis.
Apart from research including or focusing on the end user perspective, there is research focusing on developers. For example, Singer et al. have investigated how developers stay current using Twitter [34] . Furthermore, researchers are starting to mine information stored in GitHub [35] to better understand how developers collaborate [36] . This research also focuses on open source software development. However, we would like to highlight that in our work we are focusing on the end user perspective, investigating how end user involvement can be strengthened in RE activities.
We conclude that there are manifold ways of using social software for RE. Dedicated RE tools based on social software allow the involvement of end users in the RE process. However, these tools might still require end user training and other additional effort (e.g. registration) before RE activities can take place. Apart from dedicated RE methods and tools, researchers and practitioners are using existing social software to support RE and SE activities. This means that instead of providing methods and tools which are fully based on using the functionality of an SNS, those functionalities are only used in part to complement existing processes. We conclude that current attempts to use existing social software tools in an RE context are still in an early stage.
4 Designing a social network site-supported RE approach for requirements elicitation, prioritization and negotiation
Following our research goal to investigate whether and how popular SNS can support RE activities, we aimed at providing a generic RE approach based on well-known social network functionalities. This approach should present RE activities from an end user perspective and require neither lengthy process guidance nor support documents. It should be usable ad hoc, anytime and anywhere to allow distributed requirements elicitation, prioritization and negotiation in an iterative manner. Inspired by EasyWinWin, our approach is driven by a moderator, a person who has an interest in the system to be, and whose aim is to gather requirements for that system. Our solution is designed to also require minimal training for the moderator (e.g. a mobile app developer who would like to gather requirements from potential end users). We distinguish three high-level activities and detailed steps which require the participation of the moderator, stakeholders (e.g. end users) or both. Those activities and steps can also be interpreted as requirements an SNS has to satisfy so that it is possible to apply the approach we propose.
The first activity contains required preparation activities (1) . The moderator undertakes the following steps:
1.1 Set up a space for discussion: As a first step, the moderator creates a discussion space (e.g. a group) with an appropriate title for the project at hand. The moderator can decide to create an open or a private discussion space.
Provide key information about the project:
The moderator provides the initial information (such as a vision statement for the project). This information should be structured and it should be possible to discuss several topics -e.g. information about the project, instructions for the participants.
The second high-level activity implements requirements elicitation, prioritization and negotiation activities (2) . The following tasks are mainly performed by the participating stakeholders (e.g. end users), guided by the moderator. It should be noted that steps 2.1 through 2.4 are running simultaneously and in an iterative manner. They will not necessarily follow a strict sequence.
Invitation of participants:
The moderator invites stakeholders to the group. The invitation itself might include key information about the project and purpose of the group. Depending on the project, the moderator can ask invitees to support the stakeholder identification by inviting more participants.
Participants brainstorm ideas:
The moderator invites stakeholders to begin posting their ideas, needs, and concerns that can later be turned into well-defined requirements for the project.
Participants discuss ideas:
As soon as ideas are posted, stakeholders can start a discussion. They can ask questions for clarification and post issues they identify regarding a certain idea. This allows the inclusion of several different stakeholder perspectives. The moderator should now engage with the participants in order to stimulate and steer the negotiation -e.g. by asking questions for further clarification.
Participants approve and prioritize ideas:
Participants communicate their approval of ideas and comments in this step. It can help to guide the direction of a discussion. Furthermore, the number of approvals given for an idea or comment can highlight its importance.
The third high-level activity implements requirements analysis and follow-up (3) , and is performed by the moderator:
Transcribe ideas into prioritized requirements:
Stakeholder (e.g. end user) contributions may vary in quantity, quality and content. Although the moderator is available during discussions, we do not expect the process output to provide high quality requirements descriptions. As a last step, he can transcribe initial user needs into well-defined requirements. By analyzing the number of approvals per idea, the moderator can also define the priority of requirements. For this analysis we do not request explicit support from an SNS. It strongly depends on the skills and expertise of the moderator.
We conclude that in order to support the approach depicted, an SNS has to fulfill the following key requirements:
R1 
Analyzing social network sites for RE support
Facebook, Twitter, LinkedIn [37] and Google+ [38] are prominent examples of SNS that have millions of registered users. We choose them to become our candidates for an implementation of our generic RE approach since all of them have a high number of registered and active users -according to the statistics provided by Alexa [39] .
Another criterion was regional popularity -the selected SNS are popular in central Europe where we performed our exploratory studies. In order to identify the most suitable SNS, two of the authors performed an initial comparison after we had defined the key requirements for our generic SNS-supported RE approach. We investigated which of their features would allow us to support the predefined key requirements (Table 1) .
Our analysis revealed that all would allow an individual end user to express an idea -i.e. a requirement, a need (R1). Apart from Twitter, all platforms would allow users to post comments (R2). Except Twitter, all social networks allow people connected to publicly express their approval of an idea (R3). This, for example, includes like in Facebook or +1 in Google+. Twitter contains similar mechanisms (retweet, favorite), but only notifies the owner of a post. Facebook, Twitter and Google+ users are even able to restrict the access to their ideas and can therefore control the distribution of the content (R4). In LinkedIn, however, an idea is automatically shared with all connected people.
Although people could discuss an idea on a user profile, we consider a single, protected (private) and dedicated space for group discussions to be more adequate (R5). Facebook, LinkedIn and Google+ allow their users to create such a space. Those groups represent a dedicated space for discussing and communicating ideas and allow the moderator to invite stakeholders and manage user settings -e.g. define whether group members may invite additional contacts (R6).
After an initial comparison of the four social network sites, we concluded that three out of four would allow us to instantiate and apply our generic SNS-supported RE approach. Although all three candidates (i.e. Facebook, LinkedIn and Google+) would have fulfilled our initial requirements, we selected Facebook to become the platform for further investigation. Our main reasons were: (1) Facebook has over a billion users worldwide and is currently the leading social network site; and (2) the target group for our experimental studies (students and their friends) would be more likely to already have an account and be accustomed to Facebook.
SNS as an RE tool -exploratory studies
We performed three exploratory studies with a popular SNS (i.e. Facebook) to evaluate our SNS-supported RE approach. Our aim was to apply it in settings where moderators have limited RE knowledge and where potential end users for the systems under discussion are available to participate. We targeted projects with real-world character but which would still allow some level of control regarding the participants and the topics discussed. While designing our studies, we had in mind the metaphor of a mobile app developer who would set up a group on Facebook and act as moderator; this in order to gather Those students acted as moderators and invited potential end users (other students and friends) to requirements discussions on Facebook. In Study I and Study II the evaluation was presented as an exercise to train the students' moderation skills and to also highlight the dynamics of distributed RE for those students who were participating as end users. In Study III the evaluation was conducted to gather requirements for real-world projects the students were involved in. All studies followed an approach where we first had a briefing session. This for example included the presentation of a description of the RE approach as depicted in Section 4. However, students were not told that they were using a novel RE approach. The briefing session was followed by the actual evaluation. In all three studies students were given a timeframe of two weeks to conduct their requirements engineering activities. However, in Study I, students would have had the option to prolong the given period. We did not interact with the students during this period. The evaluation was followed by a debriefing either directly with the students or using a questionnaire. The debriefing meetings were held to understand the benefits and limitations of the process. Facebook friends, who were invited to the discussion in some studies, were not involved in the debriefing activities. This means that in those studies the debriefing focused on the moderator who always was a student.
The studies were performed in sequential order. Therefore, the output of a preceding study supported us in defining the scope of the following study in more detail. The results of each study were analyzed by at least two authors of the paper as soon as the study was finished. One of the authors performed a qualitative analysis as described below and the first author reviewed those results for all three studies. He also checked the validity of the requirements gathered (i.e. are they relevant and useful for the implementation of the system under discussion and will they satisfy user needs?).
The third author acted as the main analyst and performed the analysis for two of the three studies. The remaining study was analyzed by the second author of the paper and results were reviewed and approved by the third author before the first author conducted a final review.
As a first step the author conducting the analysis exported all the data from Facebook to Microsoft Excel. This was done by copying and pasting the data. The following content analysis of the data gathered included the task of identifying the type of the content posted. We distinguished elicitation, negotiation, moderation and other posts. In this context, elicitation posts refer to statements communicating a new idea; negotiation posts discuss an idea; moderation posts represent statements from the moderator or other participants to facilitate the discussion; other posts refer to any other statements identified in the discussions. To better understand the nature of the posts, we applied a goal-design level metrics for categorization [40] . We distinguished the following categories: goal-level, domain-and product-level and design-level posts. We extracted the total number of distinct requirements from the end users' posts and differentiated between functional and non-functional requirements. The non-functional were classified according to Volere [41, 42] .
The following sections present the three studies in detail. We discuss the different settings, the methods used, the results and the findings. For the quantitative analysis, we report on key numbers (e.g. invited stakeholders, participating stakeholders, active days, generated posts, distinct requirements). For calculating some of these numbers, we had to define metrics. For example, we defined active days as days where some group interaction took place, (e.g. stakeholders being added, ideas being posted, comments added to discussions).
Evaluation study I
The first study was conducted at FHNW University of Applied Sciences in Switzerland. Participants were second term iCompetence Bachelor students. The iCompetence curriculum includes design and management oriented subjects in addition to computer science courses. In their first term, the students get an overview on software engineering and programming. At this time they are typically in their early twenties. In contrast to other computer science studies, the students of iCompetence include a large number of female students (typically more than 50%).
Method
The study was presented as an exercise within the RE course (taught by the first author). This course gives an introduction to Requirements Engineering and discusses topics similar to the content requested by the IREB CPRE certification schema [43] . The goal of the exercise from the students' perspective was to train their moderation skills and to give them the chance to experience distributed RE with stakeholders. We made clear that the exercise would not be graded. In general, students were familiar with Facebook and also used it to stay in touch with their friends and colleagues.
The evaluation was in three parts: briefing, evaluation and debriefing. During the briefing, the students were informed of the purpose of the exercise and the task they were about to perform. We presented the process depicted in Section 4 and asked the students to think of a software-intensive system that they would like to gather requirements for (e.g. the fridge of the future, a personal finance manager). For each group a moderator was chosen; he invited Facebook friends (people who could be potential end users or who have a general interest in the topic) to discuss the topic in a Facebook group. During the evaluation, we did not contact students to give advice. In this first study we suggested a timeframe of two weeks to conduct the experiment but, as we were not aware of the dynamics of our RE approach, we did not strictly limit this timeframe. We told them to start immediately and to inform us when the group discussions had stopped, which in all the cases was within the two weeks timeframe we suggested. In the debriefing, we discussed the results with the students and asked them to fill out an online questionnaire on how they experienced requirements elicitation, prioritization and negotiation using Facebook. After the debriefing meetings, we accessed the group discussions and started to analyze the students' contributions.
Results
In total, 17 students and 74 external persons were involved in this study discussing requirements within 8 different Facebook groups (see Table 2 ). The students came up with innovative ideas for potential software systems. Those ideas were focusing on novel systems and also on the evolution of existing systems.
Group 1, for example, discussed requirements for a mobile app which supports healthy cooking by providing adequate recipes. Students discussed requirements such as that the app should know about the allergies of its user. Group 2 investigated how the agenda planner of the future should look like. They envisioned a ubiquitous system and requested, for example, an agenda available also when driving a car and that the car should present the agenda on the windscreen. Group 3 focused on the fridge of the future and discussed requirements such as the automatic generation of shopping lists. Group 4 elaborated how media could be consumed in the future and were, for example, requesting to replace remote controls with alternative solutions. Group 5 investigated the functionality of future SNS such as Facebook. For example, they suggested the SNS should be able to provide more information on the character of a person by analysing available content. Group 6 was looking for requirements for an app which should support their studies. For example, they discussed the option to get information about students in the same courses. Group 7 caused quite some discussion as the goal was to provide an app which would support someone who would like to become a dropout (i.e. a hermit). Requirements included guidelines for building shelters and huts, also a function which would warn the hermit of poisonous food (e.g. mushrooms). Group 8 discussed requirements for a personal finance manager app. Requirements included that the app automatically tracks the money spent on certain goods (e.g. clothes).
As some students participated in several groups, the eight Facebook groups considered in this analysis contained a total of 184 stakeholders. However, on average only 31% responded positively -meaning that 57 stakeholders joined the groups and actively contributed to the Facebook discussions (e.g. by posting comments and using likes). Therefore, the average of Facebook friends involved in each group was about seven members, with a minimum of four and a maximum of 11. On average, the groups were active for 4.3 days. While the shortest discussion lasted only for two days, the maximum was seven days. Figure 1 aggregates the eight different groups of Study I and highlights the distribution of the different kinds of posts over time.
The 57 contributing stakeholders created 174 posts, thus generating an average of 3.1 posts per participant. There were no major differences among the eight groups (Table 2) .
For the qualitative analysis, we categorized posts by the type of content they represented ( Table 2) . A very high number (71.9%) were elicitation posts discussing new ideas. 26.3% were negotiation posts whereas the moderation and other posts were rather rare (1.6% and 0.4% respectively).
We also analyzed the elicitation posts regarding the level of abstraction of needs posted [40] . The most numerous posts could be aligned with the domain and product-level requirements category (96%), with only 1.9% discussing goals and 2.4% implementation details.
We analyzed the number of likes in order to get an idea on the priority of the needs posted. On average, a participant used the like functionality 2.1 times. However, the use of likes varied significantly between the groups (see Table 2 ).
An analysis of the posts allowed us to extract 135 distinct requirements. We identified duplicates and overlaps which revealed that, on average, each of the eight groups gathered 16.9 requirements resulting in 2.4 distinct requirements per active participant. The majority of the participants posted ideas that led to functional requirements (82.9%). The 23 non-functional requirements collected referred mostly to look and feel needs (56.5%), followed by usability requirements (17.4%), performance (8.7%), environmental (8.7%), security (4.4%) and cultural requirements (4.3%).
Findings
This study investigated whether and how end users were able to participate in an SNS-supported RE approach and whether students with limited RE knowledge were able to facilitate the approach. The main findings of this study are highlighted below:
1.1 End users were able to follow the process and communicated their needs: As shown by the results, following the approach proposed and without training, end users were able to express their needs and discuss ideas on Facebook. By analyzing the ideas and needs communicated by end users, we were able to identify a high number of requirements. For example, the group discussing needs for the Fridge of the Future mentioned: "The fridge suggests recipes that take into account the current content of the fridge".
Moderation was insufficient:
Although moderators were present, they did not fully play their role. They also got involved in elicitation and negotiation activities (e.g. posted new ideas). We could only identify dedicated moderation posts in one group (see Table 2 ). One main reason might be the students' limited RE knowledge and moderation experience.
Most of the content was created within the first days:
In this study, all moderators mostly invited stakeholders only at the beginning of the discussion. An analysis of the group discussions revealed that most content was created after participants were invited. This suggests that participants are only active in the group discussion for a limited amount of time.
Prioritization results were insufficient:
Some groups hardly used the like functionality (see Table 2 ). The likes provided by the participants were not sufficient to build a prioritized list of requirements. However, we were able to identify some favorites in most groups.
No snowball effect:
We had expected some "friends of friends" to join the discussion. In half the groups, none of the friends invited took part in the stakeholder identification. In the other groups, some participants invited friends. However, there was no real snowball effect, especially as the contribution of "friends of friends" did not even result in one single requirement. 
Evaluation study II
The second study was conducted at the University of Zurich in Switzerland. The participants were seven computer science graduate students. All of them had successfully completed an undergraduate course on RE and some of them already had industrial experience.
Method
The study was presented as an exercise in an advanced course on RE (taught by the fifth author) where selected RE topics are discussed with students. Again, this exercise had no impact on the students' grades. As in the first study, the evaluation was structured into briefing, evaluation and debriefing phases. In the briefing session, the students were advised to work with Facebook and invite friends -but not fellow students -in order to train their moderation skills and experience requirements elicitation and negotiation with stakeholders. We further told them not to invite all friends at once and to ask their friends to additionally invite other friends who might be interested in the topic. Furthermore, we asked them to explicitly invite the participants to use the like functionality as soon as the discussion had produced stable needs. This time, we defined upfront two discussion topics we knew all participants would be familiar with -the Fridge of the Future (FoF) and the Smartphone of the Future (SoF). While four student moderators chose the first topic, the remaining three wanted to discuss needs regarding the SoF.
As several groups were discussing the same topic, we asked the students to consolidate and aggregate their results after the individual discussions. Furthermore, they were advised to invite all participating discussants for a final prioritization using likes. As the group of students also included one of the authors of this paper, we chose to exclude his group when we presented the analysis of the results. During the exercise, we had no contact with the students and no access to their groups. We limited the timeframe of the exercise to two weeks and told the students to start immediately. We conducted a debriefing meeting to explore the students' experiences after the exercise and requested access to their groups for further analysis of the results.
Results
The six moderators invited a total of 73 friends, 38.4% became active members of the groups (28 friends). In the smallest group, there were two active participants while the largest group had seven contributors. On average, the participation was 4.7 friends per group. Groups were active for an average of four days -the longest discussion lasted six days while the shortest took two days ( Table 3) . The six groups generated a total of 131 posts with 78 posts originating from the FoF groups and 53 from the SoF groups. The result is an average 6.5 and 3.3 posts respectively per contributor. 18.7% of the posts in the three FoF groups were elicitation posts. 29.7% of the posts focused on negotiation, 46% on moderation and 5.6% were other posts. In the SoF groups we identified 48.7% elicitation, 20.7% negotiation, 26.6% moderation and 4% other posts. For example, in their posts, participants were asking for longer battery run times (elicitation post). The moderator requested a more detailed discussion (moderation post) and other participants started a negotiation. One participant requested that the battery of the smartphone of the future should at least last for 16 hours, while another participant's vision included a smartphone which would not run out of battery at all by using novel energy sources such as solar energy. We analyzed the posts' abstraction level. Regarding the FoF, most posts referred to domain-and productlevel details (77.3%). The remainder discussed designlevel details (21%) and goals (1.7%). For the SoF, 17.6% of the posts discussed goals, 55% domain-and productlevel requirements and 27.4% design-level details. These posts led to a total of 63 (FoF) and 34 (SoF) requirements. While the FoF groups mainly gathered functional requirements (77.4%), the SoF groups found more nonfunctional requirements (63.2%). The 35 non-functional requirements (NFR) mostly referred to needs regarding look and feel (40% FoF, 50% SoF) and usability (40% FoF, 30% SoF), but also performance (13.3% FoF, 20% SoF) and environmental issues (6.7% FoF, 0% SoF). For example, participants requested that the SoF should be no thicker than 5.0 mm.
After the individual group discussions, we consolidated the requirements gathered. The moderators identified overlaps regarding requirements among the different groups. 11 duplicates could be found within the FoF topic and 3 within the SoF topic. For example, all groups discussing the FoF highlighted the need to be informed when the food is approaching its expiration date. After the moderators entered the transcribed requirements in a new Facebook group, participants were invited to prioritize. 88% of the participants who had contributed to the individual group discussions also participated in this phase. They used the like functionality 152 times (63 for FoF, 89 for SoF) giving an average of 5.6 likes per contributing participant and 2.1 likes per requirement. The highest rated requirements were liked eight times while the lowest rated requirements received no likes at all.
We also analyzed the results of the author's group (see Table 3 ). This group managed to gather 80 requirements, 13 of which could also be found in the other FoF groups. The number of requirements per contributing participant was considerably higher than the average of the other groups in Study II (7.3 compared to 3.5).
Findings

No prerequisites required for participants:
The result of Study II shows that it is not necessary for a participant to have RE knowledge in order to take part in the proposed SNS-based RE approach. We discussed who students invited to the discussions in debriefing meetings. This revealed that the friends invited had various backgrounds, mostly unrelated to computer science. All of them were familiar with the topic under discussion and had a Facebook account and Facebook experience prior to the discussion. However, we did not request any more demographic data on the friends invited, this was for privacy reasons.
Factors improving success:
The group of the author and FoF1 produced better results in terms of distinct requirements gathered. Analyzing the groups in more detail, we could identify three possible reasons: (1) High motivation of the moderators resulting in intensive care of the participants, (2) using friendly, lauding, and sometimes funny posts to engage people in discussions and stimulate creativity and, (3) continuously inviting new participants to keep the discussions alive over a longer period of time.
Consolidation and prioritization:
Although participants were not explicitly asked to use likes within the individual group discussions, several likes were generated (see Table 3 ). In Study II, the moderators provided consolidated requirements for each topic and invited participants to like them. This resulted in a prioritized list of requirements.
Again, no snowball effect:
Although in several groups the moderators actively asked participants to invite their friends, no snowball effect occurred. One single friend of a friend joined the group, which cannot be seen as a snowball effect.
Friendship and interests made friends participate:
Debriefing meetings revealed that many friends participated in order to support their friend -the moderator. Furthermore, the friends who contributed, because they were generally interested in the topic, had a sudden brilliant idea they wanted to share or they participated out of curiosity.
Knowledge and skills:
Although the students adopted the role of moderator more strictly than in the first studyin terms of more moderation posts -this did not result in more requirements (16.9 in Study I vs. 16.2 in Study II on average). However, the number of requirements per contributing participant increased from 2.4 in the first study to 3.5 in the second study.
Evaluation study III
The third study was conducted at FH Hagenberg, a University of Applied Sciences in Austria. Second term mobile computing students who were involved in projects with industrial partners had to identify needs for their projects. We wanted to investigate whether the fact that participants have to build the systems under discussion had an effect on the outcome. The students had basic software engineering skills but had not attended an RE course before.
Method
The study was presented as an exercise within their RE course (taught by the first author). This course gives an introduction to RE and is aligned with the content requested by the IREB CPRE certification schema. In the briefing meeting, we discussed the SNS-supported RE process with the students and advised them to invite stakeholders -friends or fellow students -who were potential end users and likely to provide requirements for their projects. Furthermore, we gave the same instructions as in Study II: ask friends to invite friends, consolidate the results of group discussions and then explicitly ask for likes for requirements prioritization. After the evaluation, we requested that the students answer an online questionnaire and we accessed their Facebook groups for further analysis.
Results
In total, 18 students and 81 external persons (friends) were involved in this study. In our study we had nine groups gathering requirements for software systems (mostly apps) they were about to develop. The customer for those apps was either from industry or an internal customer (e.g. professor) of the applied university. One additional group, where students were not involved in a particular project, was asked to gather requirements for the Smartphone of the Future (SoF). The results of this group were not considered in the later evaluation because of this different setting.
The nine groups working on real-world software projects had to gather requirements for different systems that did not exist. This means no group was discussing requirements regarding the evolution of an existing system. For example, Group 1 had to develop an app which would allow its users to control personal expenses. Group 2 had a more technical topic and was focusing on programmers as end users. Their goal was to develop an OpenGL image shader. The aim of group 3 was to build an app capable of counting the user's steps while Group 4 was working on an app which would provide the optimal pushup training for its users. Group 5 was to provide an app supporting a yearly soccer tournament. In contrast, Group 6 with their "City Detective" app had the idea to develop an app for tourists where they would play the role of detectives in order to visit important sights of a city. Group 7 was working on an app supporting the local paramedic group. Group 8 had to provide an app to manage a user's sticker collection and Group 9 was working on a friends finder app.
As some students participated in several groups, the nine Facebook groups considered in this analysis contained a total of 134 stakeholders. In total, 59 became active group members (41.2%). While 64% of the participants were fellow students, 36% were usually other Facebook friends. The smallest group had two active participants while the largest had 11. On average, 6.6 participants were engaged in a group discussion.
The groups were active for an average of 7.2 days. While the shortest discussion lasted three days, the longest took ten days. In total, the 59 participants created 290 posts. An average of 4.9 posts was generated per contributing participant (see Table 4 ).
Again, we categorized the posts by type of content represented. We identified an average of 41.7% elicitation posts, 35.7% negotiation posts, 21.4% moderation and 1.2% other posts. Only 2.2% of the posts reflected end user goals. Around 85.6% were assigned to the domain-and product-level category. Around 12.2% discussed designlevel issues.
We were able to define 203 distinct requirements. On average, each of the nine groups gathered 22.6 requirements resulting in 3.44 distinct requirements per active participant. The majority of the requirements was functional (75.3%). The 52 NFR included requirements regarding usability (19.2%), look and feel (28.9%), performance (13.5%), operation and environment (34.6%), security (1.9%) and legal (1.9%).
After the moderators consolidated the group discussions, they explicitly asked participants for likes. Without considering Group 1 and Group 5 who did not perform this task (see Table 4 ), the number of likes was 323 in total. On average, a participant used the like functionality seven times.
Findings
A motivated moderator is a success factor:
The fact that students had to realize the system under discussion might have been a key motivational factor. Although the students in this study had limited RE skills (similar to the students in Study I), they were engaged moderators. This is reflected in the high number of moderation posts and the high quality of the posts. The data suggests that the students really wanted to know what end users would expect from the system to be built. This might also be reflected by the high percentage of posts referring to the design-level and the high number of moderators' posts asking for clarification. The students' high motivation might have caused the high number of requirements identified. In particular, the average number of distinct requirements gathered for industrial projects in Study III (22.6) was significantly higher than the number of requirements describing the Smartphone of the Future in Study III (11) .
3.2 Students were satisfied with the results: Besides our analysis, we asked for their opinion on the results. For 81% of them, the results were satisfying. Furthermore, 68% stated that the use of Facebook to support requirements elicitation and negotiation was a good idea. However, the students also mentioned the limitations of Facebook, e.g. using like for prioritization is not precise enough and it is hard to keep sight of the overview in Facebook discussions.
Sense of duty and interest made students participate:
The questionnaire revealed several reasons given by students for participating in the discussions. One main reason was that it was an exercise within a lecture and their participation was expected. Another reason was their interest in the topic and they wanted to be part of the discussion.
3.4 Minor differences between friends and fellow students: Analyzing the results, again, we could not identify any difference in the results they produced. However, we did identify issues related to the opportunity to participate. While 58.9% of the fellow students invited actually participated, on average only 27.2% of the friends invited joined the discussions.
Requirements prioritization worked:
Moderators did not explicitly ask participants for likes before they consolidated the needs. Nevertheless, three groups gathered more than 30 likes each. This allowed for a prioritized list of requirements. Participants from other groups completely ignored this opportunity (Table 4) . However, asking for likes on the consolidated requirements led to a sufficient number of likes for all the groups to come up with a prioritized list of requirements.
3.6 The discrepancy of the Smartphone group: In Study III, one group was not involved in an industrial project and discussed the topic Smartphone of the Future. Analyzing the requirements, we identified more non-functional requirements (55%). This pattern also appears in the Study II Smartphone Groups but it is different from all the other groups in our three studies. We cannot give a clear explanation but we have a hypothesis: identifying requirements for the Smartphone of the Future is hard for the average person. The features of smartphones were extended significantly in the last years. People are overwhelmed by new functionalities and might already be satisfied with the current capabilities of their smartphones. However, they might want an improved quality as shown by the high number of non-functional requirements.
Research questions revisited and threats to validity
We sought to answer the three research questions from the standpoint of our conceptual solution and the findings of the studies conducted. The empirical evidence we collected allows us to clearly identify trends. However, given the exploratory nature of the studies, we cannot present any statistically significant results. The findings of all three studies reveal that existing features of Facebook, e.g. the possibility to build dedicated groups, comment on or like posts, support RE activities such as requirements elicitation, prioritization and negotiation. Generally, end users were able to follow the process, express their needs, provide input to ongoing discussions (Finding 1.1) and prioritize requirements (Finding 3.5). They used the commenting functionality to mention what they would want the system or product to be, and the liking feature for prioritizing their needs. For these tasks, no prerequisites were required of the participants (Finding 2.1) since they were already familiar with Facebook, the chosen social network site. Moreover, the students participating in Study III, who also had to develop the system themselves, were satisfied with the needs elicited (Finding 3.2) and considered them to be valid requirements (i.e. relevant and useful for their future implementation). For all studies the first author of this paper investigated the validity of the requirements and came to the conclusion that the involvement of several stakeholders discussing their needs leads to requirements that are agreed and useful for the implementation of the system under discussion. However, as in Study I and II the output of the discussion was not used for actual system development, we do not know which of them would have actually been implemented. Also for Study III we do not know which of the requirements discussed were actually implemented.
Using an SNS-based RE approach in real-world settings could increase end user involvement in RE and support projects with a list of end user needs. This should be seen as an initial vision and not as an exhaustive list of validated requirements. As expected, the approach did not provide well-defined requirements but rather end user needs which could then be turned into requirements. The output obtained with our approach does not in any way exclude the usage of other existing elicitation and prioritization methods but rather complements them.
RQ 2:
What are the benefits of using a social network site approach compared to existing elicitation, prioritization and negotiation techniques?
With the emergence of cloud systems and the growing development and popularity of smartphone and tablet applications, understanding the needs coming from geographically distributed, heterogeneous and often unknown potential users becomes increasingly challenging [8] . Therefore, there seems to be a need for RE methods that can be used in these contexts. Our social network site approach supports the gathering of needs from such audiences without adding any learning overhead to users, i.e. no prerequisites are required from the participants (Finding 2.1), given the assumption that the large majority is used to the Facebook platform. Moreover, according to our findings, the consolidation and prioritization of needs can be supported on a large scale (Finding 2.3) and the social aspect plays an important role: friendship and common interests are significant incentives for people to participate in elicitation activities (Finding 2.5). These features of our approach differ from traditional RE methods such as interviews or workshops and stem from its distinct nature: it is based on an SNS end users are already familiar with. Therefore, it can be integrated in the overall RE process to supplement existing techniques when working in contexts like the ones mentioned above. Furthermore, applying our approach within a social network adds a unique side to the RE process: new stakeholders get involved because their friends are already taking part thus embedding the participation in their relationship. This characteristic is virtually never supported by traditional methods.
RQ 3:
What are the challenges and limitations of using a social network site for requirements elicitation, prioritization and negotiation?
Naturally, there is no single general purpose RE technique. As explained under RQ2, our approach is best suited for particular contexts and should generally be used in conjunction with other existing methods. One of its limitations is that the number of needs elicited, prioritized and negotiated can overly depend on moderator's abilities and motivation (Finding 1.2). As a result, in Study I, the prioritization results were insufficient (Finding 1.4) . Therefore, special care should be taken when choosing and potentially training the moderator. For instance, when the Study III moderator was highly motivated, the results obtained were satisfactory for the participants questioned (Finding 3.2). Additionally, generating a snowball effect can be challenging (Findings 1.5 and 2.4). We did hope to see this effect, which could have led to more stakeholders discussing the system under investigation, but we do not consider its occurrence to be a prerequisite for successful SNSbased RE. The approach we propose is inspired by the EasyWinWin methodology [6] . As recommended by EasyWinWin, it uses brainstorming to elicit requirements. Brainstorming is a widely recognized requirements elicitation technique and is described in e.g. [44] . Our approach uses Facebook posts to bring brainstorming about. Facebook likes allow the communication of approval and support requirements prioritization. Although stakeholders can prioritize requirements, this approach does not allow them to communicate a certain degree of approval which is supported by state-of-the-art prioritization approaches [4] . Comments to posts support requirements negotiation. By using comments, stakeholders can discuss issues regarding a requirement posted in a way similar to the one proposed by EasyWinWin. However, the content of a Facebook comment cannot be defined in more detail. This means it is not possible for the stakeholders to immediately grasp the purpose of the post (e.g. to see whether it is an issue or an option). Stakeholders have to keep in mind the structure of a discussion while more elaborate negotiation tools provide this kind of support (e.g. by highlighting the WinWin tree) [45] .
As far as the guidelines that can be followed when utilizing SNS for early RE activities are concerned, the main lessons (L) we learned are the following:
L1 These findings and lessons learned hold for Facebook, the SNS we used as support for our study. We expect that similar results could be obtained when using other social network sites, as long as the necessary features for our approach are present (see Section 4). However, when replicating this study in other contexts, users' interaction with the SNS should also be considered. For example, whereas LinkedIn may provide rather similar features that could support the method introduced here, LinkedIn users tend to log-in and check their network activity more rarely than Facebook users. This could potentially lead to less input from users or to longer periods of waiting for gathering needs and requirements. We cannot draw any objective conclusions in this direction and further studies are needed to find out to what extent and how other SNS can be used successfully to support our approach.
Threats to validity
In our studies, we asked RE students to become the moderators of Facebook groups. In two of the three studies the students might have had a limited interest in the exercise. Only in Study III did the students have a stake in the outcome of the Facebook discussion as the results would contribute to their projects.
The studies heavily relied on the participation of RE students and friends of moderators. Although debriefing meetings suggest that participating friends had diverse backgrounds, we consider the lack of a broader audience in our studies a threat to construct validity.
We focused on a setup that would reflect real-world settings in an uncontrolled environment such as the one provided by Facebook. For example, the moderator students in Study III can be compared to real-world app developers asking their customers -who might include their friends -for new ideas and comments on a planned app. However, several contextual issues -e.g. presenting the study in the form of an (ungraded) exercise and assigning predefined topics -might have had an influence on the results. These issues are threats to the internal validity.
The results of the three studies do not allow us to make statistically significant claims, which is a threat to conclusion validity. However, students and friends were able to identify relevant requirements in all the three studies. This allows us to draw conclusions on the feasibility of the approach we presented.
In the three studies the authors focused on a setting where stakeholders were students and therefore motivated to participate. In real-world settings we need to identify other ways to motivate potential contributors. Only one popular social network was considered within our initial studies. The profile, background, motivation and behaviour of users might be different in other social networks. This can be seen as a threat to external validity.
Contribution and future work
The work presented in this paper investigates whether and how popular social network sites (i.e. Facebook) can support and allow end users to participate in RE activities such as elicitation, prioritization and negotiation. Inspired by EasyWinWin we have developed a generic SNS-based RE approach. We foresee that such approaches will increase end user participation in RE and allow geographically distributed end users to communicate their needs in an asynchronous way. Our three exploratory studies reveal that potential end users and moderators with limited RE knowledge are able to identify needs for the system under investigation.
We would like to stress that the approach presented does not necessarily provide well-specified requirements but rather reveals end user needs. However, we envision that SNS-supported RE approaches will become additional channels for RE. Therefore, they will complement traditional RE methods and tools and could potentially also support projects with limited RE budgets (e.g. mobile app development). Instead of highly skilled requirements engineers being trained to apply complex RE approaches and tools, the moderator within the SNS-supported RE approach presented could be a person who only has limited RE knowledge.
Further work is needed to answer open questions and outline the scope, capabilities and limitations of such a lightweight approach.
Better understanding risks and issues: This work focused on feasibility. However, future work will also need to clearly identify issues regarding SNS-supported approaches. This, for example, includes issues regarding participation (e.g. privacy issues) and tool-support (e.g. limited prioritization capabilities).
Evaluation of other suitable SNS: As discussed in Section 5, we know that SNS other than Facebook would allow researchers and practitioners to instantiate our generic SNS-based RE approach. Although our exploratory studies have shown that the approach works with Facebook, we cannot be certain if and how the approach would actually work with other SNS. For example, in LinkedIn, members maintain contacts on a more professional level which might have an influence on the results. Further studies are needed to investigate this issue. Moreover, our main aim was to investigate how an SNSbased RE approach could be used in practice and we see the chosen SNS as a support for leveraging our idea.
Evaluation in real-world projects: Apart from Study III, the studies presented focus on exercise projects rather than real-word industrial projects. Further evaluations will target the application of our approach in industrial settings. We are currently discussing the option to use our approach within a company developing mobile apps.
Exploring the motivation of end users: We would like to better understand the motivation of end users and have therefore started collaborating with the Department of Psychology at the University of Zurich. The degree of end user commitment may vary within projects. In some projects, it might be the duty of end users to participate in requirements elicitation, prioritization and negotiation activities. Other end users might draw motivation from different sources (e.g. interest in the topic, supporting a friend, curiosity). Better understanding the motivation of end users will support us in defining more stable and predictable approaches.
